Thermal Radiation in the Cryogenic Regime by Elchert, Justin P.
Presented By
Justin P. Elchert
Thermal radiation in the cryogenic 
regime
NASA Glenn Research Center
Thermal Systems Branch (LTT)
Thermal & Fluids Analysis Workshop
TFAWS 2018
August 20-24, 2018
NASA Johnson Space Center
Houston, TX
TFAWS Passive Thermal Paper Session
https://ntrs.nasa.gov/search.jsp?R=20190000486 2019-08-30T10:06:59+00:00Z
Topics
• Review of multilayer insulation (also called 
superinsulation) fundamentals
– Basic construction
– Types of MLI models
• Introduction of advanced concepts
– Non-gray 
– Seams
– Validating Thermal Desktop
• Incoporating these concepts into Thermal Desktop 
models
• Discussion of results
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Types of MLI models
• Numerical (commercial code, or custom code)
• Floating shields analytical model
• Semi-empirical models
• Polynomial fits
• Iterative separated mode
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Validation case: floating shields
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-5.34 W/m2-5.34 W/m2
Reminder: check ray tracing assumptions
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Correct
Reminder: check ray tracing assumptions
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Incorrect
Review: the gray surface
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• A gray surface has the 
simplifying property that the 
absorptivity may be reasonably 
assumed to equal the emissivity
Pre-requisites
1. Either the irradiation is diffuse or the surface is 
diffuse
2. Spectral properties of surface are nearly constant 
over spectral region of interest
3. Irradiation and surface emission occur in the 
bounds of the spectral region of interest
Non-gray validation case
Siegel & Howell
Problem 8-2
Solution: 140,500 W/m2
Note: To avoid a runtime error, the 
temperatures must be monotonically 
increasing in the bivariate table.
Non-gray validation case
Non-gray validation case
Srinivasan’s Paradox
• J. Srinivasan [24] observed that their dewar suffered 
roughly 66% more heat leak when filled with LN2 
than with LH2 (no blanket, just a thermos type setup) 
• I.A. Black and P.E. Glaser [27] reported 41% more 
heat transfer with a 1 inch thick blanket in their 35-
liter dewar
• Thermal desktop gray analysis 10 layer cylinder showed 
the same heat leak for either the 77K or the 20K 
boundary condition
• What’s going on here? The hydrogen is 
colder and the surroundings are the same 
temperature. Why is liquid nitrogen losing 
more heat?
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Srinivasan’s approach (Hagen-Rubens eq)
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Hagen-Rubens derived emissivity
TFAWS 2018 – August 20-24, 2018 13
Plotting flux as fxn of boundary temps 
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Paradox solved in Thermal Desktop
• Two concentric spheres, each with one boundary node
– Outer boundary node at 300K, inner at either 77K (LN2) or 20K 
(LH2)
– Radius 1m and 1.1m
• Solution:
– 16.86 W @ LH2
– 28.24 W @ LN2!!!
– This works out to 68% increase, matching the expected 
results
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Non-gray MLI in the cryogenic regime
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Heat flux should be roughly 
constant, if gray assumption holds
Is the gray assumption justified?
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Cylinder non-gray vs gray
Non-gray case Gray case
Modeling MLI with Thermal Desktop
• Inner cold surface area was 1 square meter
• Layer thickness 2.5x10^(-5) m
• Ten layers of insulation
• Layer spacing 1 mm
• Two fixed dirichlet (prescribed) conditions at 90K and 
220K unless otherwise stated
• 1,000,000 rays (chosen after finding at least 100,000 
rays were acceptable based on test runs)
• Aluminized kapton, 1 mil, BOL with IR emissivity of 0.61 
(inner surface matches this value), unless otherwise 
stated
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Sample gradient with seam
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Heat flux changes with aspect ratio
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y = -0.0224x + 85.649
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Floating shields, large isothermal 
surroundings, gray-diffuse
The effectiveness of using a patch
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• Surroundings added as a very closely spaced surface 
near the outer layer of the MLI stack 
• same emissivity of 0.61 
• Resulting heat leak -5.78 W/m2 
– Close to ideal, floating shields case with no seams
– Suggests that patching over seams ought to be very effective
References
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Backup
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Simulating infinite parallel planes using reflecting surfaces
Adding contact conductance
• Contacting shields, 3 degree opening, large isothermal 
surroundings, gray-diffuse
– Contact conductance 0.05 W/m2/K
– Resulting heat leak -6.66 W/m2 (roughly 10% more than floating)
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More contact!
• Contact conductance increased by order of magnitude to 
0.5 W/m2/K
– Resulting heat leak -11.97 W/m2
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Review
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Srinivasan math
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